Abstract: Although an association between periodontal status and liver abnormalities has been reported, it has not been described in relation to metabolic syndrome (MetS), which often coexists with non-alcoholic fatty liver disease. We examined the association of a combination of liver abnormality and MetS with periodontal condition in Japanese adults, based on the level of alcohol consumption. In 2008, 4,207 males aged 45.4 ± 8.9 years and 1,270 females aged 45.9 ± 9.7 years had annual workplace health check-ups at a company in Japan. Periodontal status was represented as periodontal pocket depth at the mesio-buccal and mid-buccal sites for all teeth. Alanine aminotransferase (ALT), and metabolic components were examined. Multiple linear regression analysis showed a significant association between deep pocket depth and the coexistence of elevated ALT and MetS in males with low alcohol consumption. Females showed no such relationship. In conclusion, the association between periodontal condition and the combination of elevated ALT and MetS was confirmed in males. That is, a clear association between liver abnormalities and periodontal condition was seen in male subjects with no or low alcohol consumption and MetS, providing new insights into the connection between liver function and periodontal health. (J Oral Sci 57, 335-343, 2015)
Introduction
Periodontal disease has multiple risk factors, including various microbial, environmental, behavioral, and systemic factors (1) . As a systemic factor, hepatic conditions have suggested a positive association with periodontal disease (2) . A study in Japan reported that individuals with periodontal disease had elevated levels of liver enzymes, including alanine aminotransferase (ALT) and aspartate aminotransferase (AST) (3) . Liver abnormalities are associated with some systemic changes, including obesity, dyslipidemia, and glucose intolerance, which are features of metabolic syndrome (MetS) (4) . These diseases may be linked via a common pathophysiological pathway; however, most studies on the associations between periodontal disease and liver conditions have not considered MetS.
In examining the association between periodontal and liver condition, it is important to consider the effects of alcohol consumption on these conditions. Alcohol may have adverse effects on periodontal condition through impaired host defenses (5) and/or elevated levels of acetaldehyde, which is harmful to tissue (6) . Chronic alcohol consumers also often have 'negative' lifestyle Journal of Oral Science, Vol. 57, No. 4, [335] [336] [337] [338] [339] [340] [341] [342] [343] 2015 Original Association of periodontal status with liver abnormalities and metabolic syndrome factors, such as smoking and poor oral hygiene, which are also related to periodontal disease (5, 7) . Furthermore, excess alcohol consumption is considered to be a cause of hepatic steatosis and liver injury (8) . To clearly understand the association between periodontal and liver condition, it is advisable to consider this association in separating minor and major alcohol consumption. A recent study showed that the presence of periodontal pockets was associated with elevated levels of γ-glutamyltransferase, independent of alcohol consumption, and with components of MetS in Japanese adults (9) . However, the association of combined liver abnormalities and MetS with periodontal disease remains unclear. Liver abnormalities are closely related to MetS, and it is possible that MetS and liver abnormalities have an additive effect on periodontal disease. We hypothesize that the presence of both liver abnormalities and MetS is associated with poor periodontal health.
Furthermore, liver abnormalities and MetS are more prevalent in men than in women (10, 11) , and men generally have worse periodontal condition than do women (12) . Based on these observations, we aimed to determine whether periodontal status is associated with combined liver abnormality and MetS in each gender, and how this is affected by level of alcohol consumption. 
Materials and Methods

Study population
At a health examination center in Yokohama, Japan, 17,041 employees (age, 22-83 years) of a manufacturing company received a general workplace health examination between April 2008 and March 2009. A dental examination was conducted for employees who wished to receive it as an optional part of the general health examination. In this cross-sectional study, 5,723 employees (33.6%) received both medical and dental examinations, and these subjects were enrolled in the study. Differences in health conditions were observed between employees who had received medical examinations and those who had received both medical and dental examinations ( Table  1) . For this study, 187 participants with histories of viral hepatitis, hepatic cirrhosis, liver cancer, cholelithiasis, and cholecystitis were excluded. We also excluded two participants who had fewer than 10 teeth due to difficulties in properly assessing their current periodontal health status, as well as 57 for whom some data were missing. Finally, 5,477 participants (4,207 males with a mean age of 45.4 ± 8.9 years and 1,270 females with a mean age of 45.9 ± 9.7 years) were analyzed.
Written informed consent was obtained from all participants. The ethics committee of the Kyushu University Faculty of Dental Sciences, Fukuoka, Japan, approved the study design, data collection methods, and procedure for obtaining informed consent (19B-5).
Oral examination
Periodontal examinations were carried out by 12 dentists trained to perform clinical examinations of oral health status. Periodontal status was assessed in terms of pocket depth (PD) and clinical attachment loss (CAL) at the mesio-buccal and mid-buccal sites for all teeth, based on the Third National Health and Nutrition Examination Survey (NHANES III) method, except for the third molars because these teeth, when partially impacted, frequently have pseudo-pockets. Inter-examiner agreement with the 'gold standard' examiner (Y Shimazaki) for PD measurements within ±1.0 mm was high (κ values ranged from 0.775 to 1.000). Mean values for PD and CAL were used to evaluate periodontal status, and were calculated by the sum of values of maximum PD or CAL per tooth divided by the number of present teeth for each individual. Oral hygiene status, such as the level of debris and calculus, was assessed using the oral hygiene index-simplified (13) .
General examination
Blood samples were collected from the antecubital vein, and serum cholesterol, triglycerides, fasting glucose levels and ALT were determined. Blood pressure and waist circumferences at the level of the umbilicus were measured. ALT is the liver enzyme most commonly used as an indicator of hepatocellular damage in acute and chronic hepatitis (14, 15) and we defined liver abnormality as ALT levels greater than or equal to 40 IU/L (16). MetS was defined based on the Joint Interim Societies criteria (17) . For this determination, waist circumference was assessed based on the International Obesity Task Force central obesity criteria for Asians, according to the International Diabetes Federation's suggestion that ethnic-specific cutoff values of waist circumference are appropriate for diagnosing MetS (18) . The criteria for MetS were as follows: elevated waist circumference (≥90 cm in males, and ≥80 cm in females), elevated triglycerides (≥150 mg/dL or drug treatment for elevated triglycerides), reduced HDL (<40 mg/dL in males and <50 mg/dL in females), elevated blood pressure (systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, or antihypertensive drug treatment), and elevated fasting glucose (≥100 mg/dL or drug treatment for elevated glucose). Individuals with positive results for three or more components were deemed to have MetS.
Questionnaire
Information on smoking habits, alcohol intake, regular dental check-ups, and tooth brushing frequency was obtained using a self-administered questionnaire. Smokers were categorized as either current or non-smokers. Alcohol intake was assessed based on information about frequency of alcohol intake and the amount of alcoholic beverages in terms of the number of 'go', a traditional Japanese unit of volume for sake (1 go = 0.18 L and contains 23 g of ethanol). The daily amount of drinking (grams per day) was estimated by multiplying the weekly frequency of consuming alcoholic beverages by the weight of ethanol and dividing the sum by seven. Alcohol consumption was divided into two groups: low versus high consumption (cutoff, ≥30 g/day for males and ≥20 g/day for females) (16) . To investigate the behavioral aspects of oral health, the regularity of dental check-ups and the frequency of tooth brushing was assessed by direct questioning ("do you go to the dentist regularly for dental check-ups?" and "how often do you brush your teeth?"). The frequency of tooth brushing was categorized as once per a day or less, twice a day, or three times per a day or more.
Statistical analysis
The χ 2 test for categorical data and the t-test for contin-uous data were used to determine significant differences (P < 0.05, two sided) between males and females. Associations between the mean PD and CAL as dependent variables, and ALT and MetS as independent variables were examined using a multiple linear regression model. We previously showed that different mean PD cutoff values may give different results in an analysis of associations between periodontal health and MetS (19 Multiple linear regression models were tested: 1) model including ALT and MetS; and 2) model including the combination of ALT and MetS. To determine whether this association differed according to alcohol consumption, participants were divided into low and high alcohol consumption groups. As potential confounders, age, smoking, regular dental check-ups, oral hygiene status, number of teeth and toothbrushing frequency were included in the multiple linear regression model. SPSS software (ver. 20.0 for Windows; IBM SPSS, Tokyo, Japan) was used for data analyses.
Results
Mean PD and CAL was 2.12 ± 0.38 (mean ± SD) and 2.20 ± 0.42 for males and 1.97 ± 0.34 and 2.03 ± 0.38 for females, respectively. Oral and systemic health status is shown in Table 2 . The percentage of subjects with elevated ALT and low alcohol consumption was 17.1% in males and 3.0% in females. There were 673 (16.0%) males with three or more of the five MetS components, and 111 (8.7%) females. Males had significantly higher mean values for PD, ALT, and number of MetS components when compared with females in both the low and high alcohol consumption groups.
The multiple linear regression models included periodontal condition, such as mean PD or CAL, as a dependent variable and ALT and MetS as independent variables in both alcohol consumption groups (Tables  3-6) . Adjusted for age, smoking, regular dental checkups, oral hygiene status, number of teeth and tooth brushing frequency, MetS was significantly associated with high mean PD (B = 0.035, P = 0.042) in males with low alcohol consumption (Table 3 ). When we examined the combined effects of ALT and MetS, compared with those who had normal ALT without MetS, elevated ALT with MetS was significantly associated with high mean PD (B = 0.049, P = 0.002) in males with low alcohol consumption (Table 5) , whereas no significant association was found in males with high alcohol consumption or in females with low or high alcohol consumption.
Discussion
In this study, a combination of elevated ALT and MetS was positively associated with mean PD in males with low alcohol consumption. Our results were similar to a previous study that demonstrated an association between hepatic abnormalities, defined by ALT ≥ 41 IU/L, and periodontal disease in young Japanese males (aged 18-19 years) who did not seem to consume alcohol due to Japanese law prohibiting alcohol consumption by those under 20 years of age (20) . The present study extends the findings of the previous study by indicating an association between liver abnormalities and periodontal conditions in middle-aged males with both low alcohol consumption and MetS.
Studies to date (3, 20) have not examined the association of MetS and hepatic abnormalities with periodontal disease. Recently, Morita et al. (9) found that hepatic abnormalities were associated with periodontal disease regardless of alcohol consumption after adjusting for the components of MetS; we found no statistically significant association between elevated ALT and high PD values in males with high alcohol consumption. Participants in the study by Morita et al. were assessed for liver abnormalities in terms of γ-glutamyltransferase and for periodontal disease by the World Health Organization (WHO) Community Periodontal Index (CPI) criteria. These differences in definitions may explain the discrepancy between their report and ours. Although caution is needed with regard to the difference, one reason for the lack of an association between hepatic and periodontal condition in the high alcohol consumption group in our study might be the weaker association of hepatic condition than of alcohol with periodontal condition. Alcohol has adverse effects on host defenses, clotting mechanisms, bone metabolism and healing, and it has direct toxic effects on periodontal tissues (21) . In our study, high alcohol consumption was significantly associated with high PD and CAL values after adjusting for confounding factors (data not shown). Alcohol may therefore have more direct effects than hepatic condition has on periodontal condition in those with high alcohol consumption.
An association of a combination of elevated ALT and MetS with periodontal condition was found in males with low alcohol consumption. This association may reflect a chain reaction of inflammation. Not only obesity and insulin resistance as major features of MetS, but also liver abnormalities with low alcohol consumption are closely associated with chronic inflammation, which is characterized by abnormal cytokine production (22, 23) . On the other hand, periodontal disease is a local inflammatory condition and is linked to systemic inflammation via host responses. Several cross-sectional studies have reported that systemic inflammation is higher in patients with periodontal disease than in healthy individuals (24, 25) . Systemic inflammation has been suggested to be an underlying risk factor in periodontal disease as a localized inflammatory disease. It is likely that periodontal disease, MetS, and liver abnormalities with low alcohol consumption are linked through a common pathophysiological pathway. In addition, in our study, when the combined association of elevated ALT and MetS with CRP was examined in participants with low alcohol consumption, the percentage of participants with elevated CRP (>0.3 mg/dL) (26) was 4.6% of those who had normal ALT without MetS, 8.6% of those with normal ALT with MetS, 8.8% of those with elevated ALT without MetS, and 16.1% of participants with elevated ALT and MetS in males with low alcohol consumption. This indicates that having both liver abnormalities and MetS in individuals with low alcohol consumption might be more likely to cause systemic inflammation than having only one, perhaps leading to a higher incidence of periodontal disease. Following the suggestion from our finding that liver abnormalities in combination with MetS could make individuals more susceptible to periodontal disease in individuals with low alcohol consumption, coexisting liver abnormalities and MetS should receive attention as potential risk factors for periodontal disease.
In the present study, PD, but not CAL, was significantly associated with liver abnormalities and MetS in males with low alcohol consumption. High PD values are associated with increased inflammatory mediators and cytokines and thus a higher inflammatory burden compared with low values (i.e. shallow pockets) (27, 28) . CAL is an estimate of a historical amount of periodontal destruction and might be less responsive to inflammation. Because it is possible that periodontal disease, MetS, and liver abnormalities with low alcohol consumption are linked by systemic inflammation, PD is more likely to be Our study showed no significant association between elevated ALT and poor periodontal condition among females. This finding may be explained by a protective effect of female hormones. Because estrogen has been shown to prevent inflammatory reactions (29) , it seems unlikely that hepatic condition is associated with periodontal condition. However, our findings are inconsistent with the finding of Saito et al. (3) that periodontal disease in females aged 20-59 years was significantly increased with elevated ALT. This difference in study findings may be due to differences in the periodontal assessment and study setting. In the Saito et al. and present studies, respectively, periodontal status was evaluated by the WHO CPI criteria and the NHANES III method, and participants were community residents and adults in an occupational setting. In addition, the lack of a significant association between liver abnormalities and periodontal health condition was probably due to the small number of females with elevated ALT levels. There were 35 females with elevated ALT levels in the low alcohol consumption group and 3 in the high-consumption group. Such a small number of participants was not sufficient to perform a multivariate statistical analysis.
This study has some limitations. First, the design of the study limited the possible interpretation of results in terms of temporal relationships. Longitudinal studies are needed to gain a clearer understanding of the association between liver abnormalities and poor periodontal condition. Second, a liver biopsy is the gold standard to establish a diagnosis of liver abnormalities. However, liver biopsy is impossible in population-based surveys due to its invasive nature. Elevated ALT can be used as a first step to diagnose liver abnormalities in large-sample surveys like our study. Third, this study used a partial-mouth assessment of periodontal condition. The NHANES III method did not include examinations of lingual or palatal sites, which are susceptible to periodontal disease. Therefore, it is possible that periodontal condition was underestimated. Fourth, we did not investigate alcohol-related genes, alcohol activity, or inflammatory parameters such as tumor necrosis factor-α, which may be associated with ALT levels, MetS, and periodontal health. Future studies are desirable to assess the significance of these factors. Finally, we recruited participants who wished to receive dental examinations. Although the ALT levels did not differ significantly between individuals who received medical examination and those who received both medical and dental examinations, differences in the MetS components were found (see Table 1 ); therefore, there may have been sampling bias. Furthermore, a small number of females had elevated ALT levels. Our sample may limit the ability to extrapolate these findings to all middle-aged Japanese, and caution is warranted in generalizing our findings to the rest of the Japanese population.
In conclusion, we identified an association of liver abnormalities and MetS with periodontal condition in males with low alcohol consumption. Periodontal disease may be further aggravated by the coexistence of liver abnormalities and MetS in Japanese middle-aged males with low alcohol consumption.
